Materials synthesis.
Starting β-FeSe has been synthesized from the elements: a mixture of Fe and Se fine powders (both were obtained from Alfa Aesar, chemical grade) were mixed in Mini-Mill PULVERISETTE 23 (10 ml stainless steel grinding bowls, 10 mm stainless steel grinding ball, 10 min), pressed into ø 10 mm pallet and sealed in vacuum inside a doublewalled quartz tube. The tube has been annealed at 950-1070 °C during 48-50 h and quenched to 410 °C, followed by tempering over 100-110 h. The final material has been quenched into ice water, opened in a glove-box, lightly ground, and characterized using PXRD and SQUID.
All samples of β-FeSe have hexagonal α-FeSe as minor admixture (<5 mass. %) and have T c = 8(1) K.
Synthesis of intercalated phases has been performed using a Schlenk-line modified for working with gaseous ammonia (Fig. S1 ). All operations were performed in evacuated or an ammonia-filled line and in an Ar-filled glove-box (mbraun LABmaster sp). Oxygen and water levels never reached more than 0.1 ppm. Liquid ammonia has been condensed using a dry ice -acetone cold bath (195 K) . After the complete evacuation of the system, ammonia gas (compressed ammonia from steel cylinder, AGA, 5.0) has been first condensed in to the flask with 10-15 mg of lump Na (Sigma-Aldrich) for purification of residual water and oxygen and then carefully recondensed into the reaction flask or autoclave. Initial condensation of 20-30 ml of liquid ammonia needs approximately 10 minutes.
Low-temperature reaction (LT) has been performed in a round-bottom flask with a glass covered stirrer ( Fig S1) . 50 mg (0.37 mmol) of β-FeSe powder has been placed with a stoichiometric amount of Ba (Sigma-Aldrich, 5-15 mg 0.04-0.2 mmol). The composition has been varied between Ba 0.2 Fe 2 Se 2 and Ba 0.8 Fe 2 Se 2 . After 5-10 min, the reaction mixture changed color from violet to green and finally to dark black. The solvent has been recondensed back into the first round flask after 2-12 h. The reaction mixture has then been dried in vacuum for 10-15 min at room temperature and transported inside a glove-box for any further manipulation and sample preparation. Typical diffraction profiles of obtained specimens are shown in Fig. S2 .
The same scheme has been used for sealing the samples for magnetization measurements which were performed on a Quantum Design MPMS magnetometer. For these, the left-hand flask has been replaced with a quartz tube which was connected using PTFE High Vacuum screw cap joints. β-FeSe powder and Ba pieces were placed into quartz ampules (internal diameter 1.3 mm). 1-2 ml of solid ammonia was then condensed using liquid nitrogen and then the tube was evacuated and sealed. After sealing the tube was placed into dry iceacetone bath and then inserted into the MPMS measurement chamber. This phase, identified as Phase VI in the manuscript, is always obtained upon evacuation of the original reaction mixture. Rietveld refinements of the X-ray powder diffraction data obtained on different batches of Phase VI (synchrotron and laboratory) always give an estimated composition of Ba 0.3 Fe 2 Se 2 (see for example Table S5 ). Elemental analysis was performed twice on one of these samples by an external laboratory using a Perkin Elmer AAS AAnalyst 200 (Mikroanalytisches Laboratorium KOLBE: www.mikro-lab.de). The resulting composition of Ba 0.30 Fe 1.64 Se 2.00 was obtained, in very good agreement with the values obtained by Rietveld refinements.
Synchrotron X-ray powder diffraction.
Measurements were all performed at BM1B Swiss-Norwegian beam line at The European Synchrotron Radiation Facility. Different samples obtained by the LT and RT reaction routes were sealed in 0.5 mm diameter thin-wall glass capillaries and diffraction profiles were recorded at various temperatures ranging between 80 and 300 K (λ = 0.5048 Å) using the Dexela 2923 CMOS 2D detector.
For the in situ experiments the principal scheme ( Fig. S3 ) includes 1.3 mm quartz capillary connected to the gas line. 5-10 mg of β-FeSe powder has been placed inside 1.3 mm capillary separately from small piece of metallic Ba (1-5 mg). The capillary was closed inside the glove-box and connected to the ammonia gas line. The capillary was then pre-cooled to 200 K using a cryo-stream after opening of the capillary to the gas line filled with 2 bar ammonia gas. Diffraction patterns were collected after 2 min 12 times per minute using the 2D detector.
Si and LaB 6 external standards were used for wavelength and detector position calibration. Nat. Mater., 2013, 12, 15.) and in the P4/nmm (setting 2) space group for Phases III, IV, and V based on the ammonia-rich Li 0.6 (NH 2 ) 0.2 (NH 3 ) 1.8 Fe 2 Se 2 described by S.J. Sedlmaier et al. (JACS, 2014, 136, 630−633) . For the refinement, cell parameters, background, and line profile parameters, atomic coordinates and occupancies (Ba and N) were refined simultaneously. In all case hexagonal -FeSe was found as a secondary phase. Also, depending on temperature and stage of the reaction additional lines were present in the diffraction profiles corresponding to different phases arising from the direct reaction of Ba with NH 3 (e.g. Ba(NH 2 ) 2 ). The Bragg reflections of these phases disappear after enough ammonia has been condensed in the capillary. The unit cell parameters of Phase V were obtained with Le Bail refinements considering P4/nmm symmetry Magnetic susceptibility measurements were carried out in both ZFC and FC modes between 4 and 55 K in a field of 10 Oe (Magnetic Property Measurement System, Quantum Design).
For in situ monitoring mixtures of β-FeSe and Ba were placed into quartz tube, 0.5-1.5 ml of solid ammonia was condensed using liquid nitrogen as cooling agent and sealed after evacuation. Reaction between β-FeSe and Ba does not occur in solid ammonia and the mixture could then be transferred into the measurement chamber. The starting frozen mixture show only a presence of β-FeSe with T c = 8 K. Blank experiment (β-FeSe + NH 3 ) shows no influence of solid NH 3 on the behavior of β-FeSe, and there was no evident reaction between compounds. Figure S4 . The magnetization curves for Phase VI with the zero-field-cooling (zfc) and fieldcooling (fc) modes at H = 10 Oe.
Crystallographic information:
Table S1. Refined parameters for Phase I as obtained by Rietveld refinement of the synchrotron X-ray powder diffraction data (λ = 0.5048 Å, 200 K) in the space group I4/mmm with unit cell parameters, a = 3.8110(2) Å and c = 26.249(2) Å (agreement factors: R wp = 7.53%, R exp = 5.61%). (7) 4f 5.8(9) Figure S8 . Final observed (º) and calculated (|) synchrotron X-ray diffraction profiles (λ= 0.5048 Å) for Phase IV at 300 K. The lower solid line is the difference profile and the tick marks show the reflection positions. Small impurity peaks corresponding to α-FeSe are also present in the diffraction profile. The excluded region corresponds to unknown Ba-NH 3 phases which form at the beginning of the reaction. Table S5 . Refined parameters and selected bond distances for Phase VI as obtained by Rietveld refinement of the synchrotron X-ray powder diffraction data (λ = 0.5048 Å, 300 K) in the space group I4/mmm with unit cell parameters, a = 3.7786(1) Å and c = 16.724(1) Å (agreement factors: R wp = 6.36%, R exp = 4.72%).
Atom n x y z Position B iso (Å 2 ) Se 1 0 0 0.3399(2) 4e 0.77 (6) Fe 1 0 0.5 1/4 4d 0.80 (9) Ba 0.280(5) 0 0 0 2a 2.8(5) Figure S9 . Final observed (º) and calculated (|) synchrotron X-ray diffraction profiles (λ= 0.5048 Å) for Phase VI at 300 K. The lower solid line is the difference profile and the tick marks show the reflection positions. Small impurity peaks corresponding to α-FeSe are also present in the diffraction profile.
